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Abstract. The technical establishment of boar sperm cryopreservation is indispensable for 
effective breeding of the Mangalita native pig. The objective of the present study was to determine 
whether ascorbic acid is capable of improving the quality of cryopreserved Mangalita spermatozoa. 
Ejaculated Mangalita and PIC (as comparison) boar sperm frozen in an extender supplemented with 
200µM ascorbic acid (vitamin C), 400µM Trolox® (a vitamin E hydrosoluble analogue), 200+400µM 
vit.C+vit.E, 200+200µM vit.C+vit.E, or without supplementation was thawed and then evaluated the 
sperm motility. Treatment with 200+400µM vit.C + vit.E has the most beneficial effect on the 
Mangalita sperm motility after frozen-thawing among the concentrations tested (P<0.05). 
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INTRODUCTION 
 
Long term preservation and storage of Mangalita sperm available for artificial 
insemination (AI) has become a subject of interest due to the possibilities of covering a large 
number of females in a short period of time, avoiding transmission of disease, and conserving 
valuable germoplasm stock. The main quality of Mangalita is its fat, rich in unsaturated fatty 
acids, allowing a high quality of the butchery products that are benefic in human nourishment, 
but its breeding decreased due to its low growing indexes. However, the poor post-thaw 
survival of boar sperm and between boar variations in freezing success constrain the fertility 
of AI with frozen sperm and have prevented its widespread acceptance for commercial 
breeding.  
One of the deleterious effects occurring during sperm cryopreservation is oxidative 
stress elicited by reactive oxygen species (ROS) (J.G. Alvarez et al., 1992, S. Chatterjee et 
al., 2001). Boar sperm is considerably sensitive to oxidative stress due to the high content of 
unsaturated fatty acids in the phospholipids of the plasma membrane (S. Cerolini et al., 2000) 
and the relatively low antioxidant capacity of the seminal plasma (E. Brezezińska-
Slebodzińska, 1995). In fact, the addition of antioxidants such as a-tocopherol (E. Breininger 
et al., 2005), ascorbic acid (T. Yoshimoto et al., 2008) and others to the freezing extender 
improves the post thaw survival, motility, and plasmalemma integrity of boar sperm. 
Antioxidants can protect against ROS. Specifically, vitamin E (α-tocopherol) can 
break the covalent links that ROS have formed between fatty acid side chains in membrane 
lipids and is one of the major membrane protectants against ROS and lipid peroxidation. 
Feeding boars with supplemental vitamin E has been shown to enhance the ejaculate volume 
and sperm concentration (E. Brezezińska-Slebodzińska, 1995) and the addition of vitamin E 
to the storage diluent increased the sperm resistance to lipid peroxidation (E. Breininger et al., 
2005). In cryopreservation, vitamin E supplementation resulted a positive effect on sperm 
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motility and mitochondrial membrane potential and membrane integrity depending on the 
portion of ejaculate (F.J. Peña et al., 2003, 2004). 
Among antioxidants, ascorbic acid has been considered to be most important in 
extracellular fluids (M. Levine, 1986). However, Fernández-Santos et al. in 2007 reported that 
supplementation of the freezing extender with vitamin C had no positive effect on post thaw 
sperm parameters in deer. Vitamin C is unstable under various oxidative conditions such as 
exposure to neutral pH and heat as well as light and heavy metals, resulting in rapid 
degradation (I. Yamamoto et al., 1990). The addition of ascorbic acid in the freezing extender 
could therefore preserve optimal sperm performance by reducing cell damage through its 
continuous radical-scavenging action. 
In this study we evaluated the influence of a-tocopherol, a lipid peroxidation inhibitor 
supplementation, and ascorbic acid, with a radical-scavenging action, one by one, or mixed 
together, at various concentrations in boar semen extender during cryopreservation. The post-
thawed sperm motility was analyzed. 
 
MATERIALS AND METHODS 
 
Chemicals were purchased from Sigma Chemical Co. (St. Louis, MO, USA), unless 
otherwise indicated. 
The biological material resulted from one Mangalita and one PIC boar, belonging to 
the biobase of The Biology of Reproduction and Artificial Insemination Discipline at The 
University of Agricultural Sciences and Veterinary Medicine in Cluj-Napoca. The boars used 
for collecting semen are trained for the gloved-hand technique on the artificial dummy and 
present normal sexual libido.  
The collecting of semen took place on an artificial dummy by the gloved-hand 
technique, using sterile gloves to prevent the contamination of the spermatic material (Miclea 
V., 2003). The sperm fraction was collected in a sterile thermos flask provided with a sterile 
filter (gauze) to separate the jelly fractions. Before collecting the useful fraction and 
immediately after, the flask was sealed with a lid to prevent the accidental contamination. The 
frequency of collecting is twice a week, at regulate periods.  
Semen evaluation presumed the determination of some parameters and the 
organization of the baseline spermogram. The following parameters were determined: 
volume, color, smell, opacity, impurity degree, viscosity, pH and osmolality by macroscopic 
control, and concentration, mobility, agglutination, viability and spermatozoa morphology by 
microscopic control.  
The cryopreservation protocol is the one described by Westendorf et al., 1975, using 
spermatic material from Mangalita and PIC boars, which presents 70% motility and 80% 
morphological integrity minimum. The semen is diluted 1:1 with BTS and kept for one hour 
at room temperature (20-22°C) for equilibration. The concentration is measured and then it is 
equilibrating for another two hours in a cooling centrifuge at 15°C. After, the sample is split 
in Falcon tubes and centrifuged for 10 minutes at 800 x g. After the supernatant is discarded, 
an extension with pre cooled at 15°C LEY (Lactose Egg Yolk–first extender) is executed (80 
ml lactose 11%+20 ml egg yolk). The ratio is one part extender to three parts semen. 
Afterwards, it is cooled in the centrifuge for 2 hours by gradually reducing the temperature 
with 1°C/12 minutes until 5°C. Subsequently to the cooling period another extender named 
LEYGO (extender II) is added (LEY+6% glycerol+1.5% Equex STM, Orvus ES Paste 
equivalent), in a ratio of 1/2 part extender to one part sample, obtaining a 3% glycerol and 
1x109 spermatozoa/ml final concentration. This is also the stage when antioxidant is added in 
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the desired concentration. The packing method presumed filling and sealing the 0.5 ml straws 
with PVA powder chokes at 5ºC, in a showcase chiller. After packing, the straws were put in 
a cryostat bath with synthetic alcohol, where the temperature was decreased from +5ºC to -
5ºC with a 3ºC/min cooling rate. At -5ºC the straws are kept for one minute for autoseeding. 
The freezing takes place in liquid nitrogen vapors, at 5 cm above the level, for 15 minutes to 
assure a 20ºC/min cooling rate, until -145ºC is reached and then the straws are plunged into 
the liquid nitrogen for cryopreservation.  
The thawing is produced by immersing the straws in a 50ºC warm water bath and 
keeping them in there for 12 seconds. 
The different concentrations, as experimental design, were chosen based on data 
(unpublished) obtained in previous experiments in Bazna boar semen cryopreservation. In that 
case, concentrations with positive results were the ones mentioned in this article: vitamin C 
200µM, vitamin E 400µM and two mixes, C+E 200+200µM and C+E 200+400µM. 
 Five straws were thawed and analyzed for each of the four experimental variants, 
each of the four cryopreservation rounds per boar and each of the two boars, totally 160 
straws. 
 
RESULTS AND DISCUSSION 
 
All experimental variants led to satisfactory results, higher than the ones met in the 
specialty literature.  
The statistical analysis reveals that the control, without no addition of antioxidant, 
shows a lower spermatozoa motility percentage than the other variants, but the percentage 
shows that the influence factors in the cryopreservation protocol are well controlled, so the 
loss of motility decreased once with the advance in research and technology.   
The addition of ascorbic acid 200µM in the cryopreservation medium of Mangalita 
boar semen led to a mean of 57.5% spermatozoa motility after freezing and thawing. For the 
control variant, the mean is 56.2%. Statistically, there is no significant difference, but the 
percentage of ascorbic acid variant shows an improvement. The Trolox® (vit. E) 400µM 
variant comes with a higher percentage than the ascorbic acid, 62.5%, but statistically is also 
insignificant, as shown in Tab. 2. 
Considering that the two antioxidants operate in different areas of the cell, in different 
ways and different optimum concentrations, it is not surprising why better results were 
obtained by mixing those two, presented in Tab. 1. The results of the addition of vitamin C 
200µM + vitamin E 200µM in the cryopreservation medium, with 63.7% as the mean, are 
statistically interpreted as significant versus control variant and not significant versus C 
200µM and E 400µM. 
With a mean of 72.5% spermatozoa motility, extremely significant are the results of 
the mix C 200µM + E 400µM versus control and C 200 µM, very significant versus E 400µM 
and significant versus the other mix of C 200µM + E 200µM. 
It is obvious that the two antioxidants work very well together, but the concentrations 
differ. The optimum for ascorbic acid added in Mangalita boar cryopreservation media is the 
200µM concentration. 
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Tab. 1 
The Mangalita boar spermatozoa motility at 10 minutes after freezing-thawing  
depending on the antioxidant and its concentration 
 
Motility (%) Vitamin conc.  
(µM) 1st cryo 2nd cryo 3rd cryo 4th cryo 
C+E 200+400 70 70 75 75 
C+E 200+200 60 65 65 65 
C 200 55 60 55 60 
E 400 65 65 60 60 
Control (no adds) 55 50 60 60 
 
 
 
Tab. 2 
The statistical analysis of Tab. 1, using ANOVA test 
 
Comparison Mean difference q P value 
C+E 200+400 vs. C+E 200+200 8.750 5.317 *  P<0.05 
C+E 200+400 vs. C 200 15.000 9.115 ***  P<0.001 
C+E 200+400 vs. E 400 10.000 6.076 **  P<0.01 
C+E 200+400 vs. Control 16.250 9.874 ***  P<0.001 
C+E 200+200 vs. C 200 6.250 3.798 ns  P>0.05 
C+E 200+200 vs. E 400 1.250 0.7596 ns  P>0.05 
C+E 200+200 vs. Control 7.500 4.557 *  P<0.05 
C 200 vs. E 400 -5.000 3.038 ns  P>0.05 
C 200 vs. Control 1.250 0.7596 ns  P>0.05 
E 400 vs. Control 6.250 3.798 ns  P>0.05 
 
 
For PIC the obtained results are presented in Fig. 1, as a mean, being only for 
comparison. Even if the results in Bazna boar semen cryopreservation (data will be published) 
are strengthening the use of the antioxidant concentrations mentioned above, for PIC boar the 
results are extremely low. It seems like the vitamin C 200µM concentration added in the PIC 
boar semen cryopreservation media has a negative effect on spermatozoa motility. It is 
possible that for PIC boars another concentration of ascorbic acid to be optimum, because a 
concentration of antioxidant over limit can and it is poisonous and harmful. A lower 
concentration of vitamin C has to be found, but this is the target of some next researches. 
The concentration of Trolox® 400µM brings better results also for the PIC boar, 
meaning that the low results observed in the two studied antioxidant mixes are probably due 
to the high concentration of vitamin C. 
Studying the movement of the spermatozoa under the microscope, an observation 
occurred: the Mangalita spermatozoa with antioxidant treatment are moving more 
energetically than those preserved in medium with no addition. 
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The endurance test on Mangalita spermatozoa motility was carried out to track the 
percentage of motile spermatozoa in time (Tab. 3). The mean of the control variant 
percentages, 18.75% motile spermatozoa after one hour post thaw, is much lower than the 
mean of the mix C+E 200+400 µM, 46.25%, concluding the benefit that the antioxidants 
come with. In the control it is remarked also the graduated diminution of the motility 
percentage in time. When ascorbic acid and Trolox 200+400µM are added, the percentage 
increases from 5 to 10 minutes after semen thawing and then it decreases slowly, evidencing 
the important role of the antioxidants in cells.  
 
Tab. 3 
Mangalita spermatozoa motility percentage on different time periods (%) 
 
Antioxidant conc./Time 5 mins. 10 mins. 30 mins. One hour 
65 75 70 50 
70 65 65 55 
60 75 70 35 
70 60 60 45 
Mean 
C+E 200+400µM 
66.25 68.75 66.25 46.25 
60 60 55 20 
55 60 60 15 
60 45 45 20 
50 50 45 20 
Mean 
Control (no adds) 
56.25 53.75 51.25 18.75 
 
CONCLUSSIONS 
 
The boar spermatozoa motility percentages obtained in the control variant show that 
the cryopreserved sperm is proper to be used in artificial inseminations. 
The addition of antioxidants in the Mangalita boar semen freezing medium can 
improve the spermatozoa cryosurvival after freezing-thawing by minimizing the harmful lipid 
peroxidation effect caused by ROS. The movement of spermatozoa in the antioxidant media 
lasts longer and it is more vigorously. 
 450 
 
 
The antioxidant mix of C+E 200+400µM added in the Mangalita boar semen 
cryopreservation β-lactose medium leads to high percentages of spermatozoa motility after 
thawing, percentages that are similar to the ones accepted for fresh semen that is used in 
artificial insemination. The Mangalita boar semen can be stored in liquid nitrogen in 
germoplasm banks and used any time for artificial insemination. The results encourage the 
researches in this area and give to the Mangalita boar semen cryopreservation a new path, the 
commercial practice.  
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